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O ' Abstract 

(N : 

■ In this article, we calculate the strong coupling constants QBsoBsr^ ^-nd 

^ \ 9BsiB*r! with the light-cone QCD sum rules. Then we take into account the 

^ ' small r] — iT^ transition matrix according to Dashen's theorem, and obtain the 

Q>^ ' small decay widths for the isospin violation processes Bgo — > Bgrj Bgi^^ and 

^-H , Bsi B*rj B*Tr^. We can search the strange-bottomed (O"*",!"*") mesons 

^ Bgo and Bgi in the invariant B^tt^ and -B^vr*^ mass distributions respectively. 
^ '■ 

O^'. PACS numbers: 12.38.Lg; 13.25.Hw; 14.40.Nd 

Q-t' Key Words: Strange-bottomed mesons, light-cone QCD sum rules 

^ ; 1 Introduction 

> : 

^ . Recently, the CDF Collaboration reports the first observation of two narrow reso- 

i nances consistent with the orbitally excited P-wave Bg mesons using 1 fb~^ of pp 

^ I collisions at ^/s = 1.96TeV collected with the CDF II detector at the Fermilab 

^ ; Tevatron [1]. The masses of the two states are M{B*^) = (5829.4 ± 0.7)MeV and 

^ ■ M{B*2) = (5839.7 ± 0.7)MeV, and they can be assigned as the = (1+, 2+) states 

O ■ in the heavy quark effective theory [2]. The DO Collaboration reports the direct 

^ ! observation of the excited P-wave state B*2 in fully reconstructed decays to B^K~ . 

\ The mass of the 5*2 meson is measured to be (5839.6 ± 1.1 ± 0.7)MeV [3J. While 

^ ■ the Bg states with spin-parity = (0^, 1^) are still lack experimental evidence. 

The masses of the Bg mesons with (0^, 1^) have been estimated with the poten- 
tial quark models, heavy quark effective theory and lattice QCD [U El El [3, El El [ini 
[TTl [T2l [T3l [m [151 HI], the values are different from each other. In our previous work 
[T7] . we study the masses of the strange-bottomed (0"*", 1"*") mesons with the QCD 
sum rules, and observe that the central values are below the corresponding BK and 
B*K thresholds respectively. The decays Bg^ BK and Bgi —>■ B*K are kinemat- 
ically forbidden. In previous works, the mesons /o(980), ao(980), DgQ, Dgi, BgQ and 
Bgi are taken as the conventional qq, cs and bs states respectively, and the values of 
the strong coupling constants gfyKK, gaoKK, gOsoDK, 9DsiD*k, 9bmBK and QBsiB'K 
are calculated with the light-cone QCD sum rules [HI [191 [201 [2ll [23] . The large 
values of the strong coupling constants support the hadronic dressing mechanism 
[211 [SSI [26]. Those mesons may have small qq, cs and bs kernels of the typical 
qq, cs and bs mesons size respectively, strong couplings to the virtual intermediate 
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hadronic states (or the virtual mesons loops) may result in smaller masses than the 
conventional qq, cs and hs mesons in the potential quark models, enrich the pure 
qq, cs and hs states with other components [IlIISllIHlEniEIlEaiMlEZlESlI^. 

The P-wave heavy mesons Bsq and Bgi can decay through the isospin violation 
precesses Bsq Bst] Bg^^ and Bsi B*ri — > -B*7r°, respectively. The 77 — 7r° 
transition matrix is very small according to Dashen's theorem [30], t^,r = ('^°|'^|^) = 
-O.OOSGeV^ they may be very narrow. In this article, we calculate the values of the 
strong coupling constants gssoBsr) and gssiBir^ with the light-cone QCD sum rules, 
and study the strong isospin violation decays Bgo Bgii^ and Bsi B^-k^. In 
previous work [31], the authors calculate the strong coupling constants gOsoDsr, and 
QDsiDir) with the light-cone QCD sum rules, then take into account the rj — ir^ mixing 
and calculate their pionic decay widths. 

The light-cone QCD sum rules approach carries out the operator product ex- 
pansion near the light-cone ~ instead of the short distance a; ~ while the 
non-perturbative matrix elements are parameterized by the light-cone distribution 
amplitudes (which classified according to their twists) instead of the vacuum con- 
densates [521 E31 EH ESI ESI EZ] • The non-perturbative parameters in the light-cone 
distribution amplitudes are calculated with the conventional QCD sum rules and 
the values are universal [38|, Ell llQ| . 

The article is arranged as: in Section 2, we derive the strong coupling constants 
QBmBsv and gBsiB*'q with the light-cone QCD sum rules; in Section 3, the numerical 
result and discussion; and Section 4 is reserved for conclusion. 

2 Strong coupling constants QBsiB^t] cind QBsoBsT] with 
light-cone QCD sum rules 

In the following, we write down the definitions for the strong coupling constants 
gBsoBs-n and gBsiB^-n respectively, 

{BsiWlrf) = -igB.,,BivV* ■ , 

{BsolBsV) = gBsoBsV ' (1) 

where the and 77^ are the polarization vectors of the mesons B* and S^i respec- 
tively. The interactions among the bottomed (0~, 1~), (0"*", I''") mesons and the light 
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pseudoscalar mesons can be described by the phenomenological lagrangian [H] 
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where the a and b are the flavor indexes for the light quarks, t^^ = 1, and the h 
is the strong coupling constant. From the phenomenological lagrangian, we can 
obtain gBsiB*ri oc ih and gSsoBsri oc h. The hadronic matrix elements {Bsi\B*r]) 
and {BsolBsT]) have a relative phase factor i, furthermore, we take the definition 
{Bsi\B*r]) = -igBsiB*r,'n* ■ e as the corresponding one {Bsi\B*K) = -igB,iB*KV* ■ e 
in Ref. [23], where a negative sign is chosen to guarantee that the strong coupling 
constant gB^^B*K has positive value. The expressions in Eq.(l) are the correct for- 
mula, although there are other definitions [31] . In literatures, the super- field Ha are 
usually defined as Ha = ^[B"^^^^ — 75-Ba], the i companied with the pseudoscalar 
mesons Ba is missed, therefor the i in Eq.(l) disappears. Here we take the correct 
expression given by A. V. Manohar and M. B. Wise in the book "Heavy Quark 
Theory " [l2j. 

We study the strong coupling constants gB^iB'Ti and gBsoBsv with the two-point 
correlation functions H^,y(p, g) and H^(p, g) respectively. 



tA. 



X) 



rfSe-^''-(0|T{j;(0)jf(x)}|r?(p)), 
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J^{x), J^{x) and J^{x) interpolate the strange-bottomed 
mesons S*, S^i, B^ and Bso, respectively, the external 77 meson has four momentum 



where the currents J^(x) 
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with = m^. The and J^{x) are the same current, we take different 

notations to denote that the contributions from the pseudoscalar meson and axial- 
vector meson are taken respectively. 

The correlation functions Il^^{p, q) and n^(p, q) can be decomposed as 



^i^uip,q) 



HIa^P, q)gf,u + i^Ai{p, q)Pfiqu + i^A2{p, q)Puqfi + i^Asip, Q)%(1u i 

i^s{p,q)qt, + i^si{p^q)Pt, (6) 



due to the Lorentz invariance. We choose the tensor structures g^j^i, and for 
analysis in this article. 

According to the basic assumption of current-hadron duality in the QCD sum 
rules approach [381 EH SOI, we can insert a complete series of intermediate states 



with the same quantum numbers as the current operators J^{x), J^{x) and 

J^{x) into the correlation functions Il^^{p,q) and Il^{p,q) to obtain the hadronic 
representations. After isolating the ground state contributions from the pole terms 
of the mesons B*, Bsi, Eg and Sso, we get the following results, 
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n 



(0|J^5(0) I Bs{q + p)){B,\Bsov){Bso{q)\J'Kom 
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where the following definitions for the weak decay constants have been used, 



We introduce the notations Cj for simplicity, the explicit expressions are neglected as 
the contributions can be deleted with suitable tensor structures. The term propor- 

tional to the C3 is greatly suppressed by the small numerical factor — ^—775 



and the contributions from the axial- vector meson can be neglected safely in Eq.(8). 
We choose the tensor structure g^^^, to avoid the contaminations from the scalar 
meson Bso and the pseudoscalar meson Bg in the sum rule for the strong coupling 
constant gBsiB*rf In deriving the sum rule for the strong coupling constant gB^oBsTj, 
we choose the axial- vector current Jf^ix) to interpolate the pseudoscalar meson Bs, 
although there are contaminations from the axial- vector meson Bgi, the contamina- 
tions are tiny and can be neglected safely if we choose the tensor structure g^. If we 
choose the pseudoscalar current J^i^x) = s{x)ij5c{x) to interpolate the pseudoscalar 
meson Bg, the axial- vector mesons have no contaminations, I fail to take notice of 
this fact at beginning of the work. 

We perform the operator product expansion for the correlation functions Ilf^,y{p, q) 
and n^(p, g) in perturbative QCD theory, and obtain the analytical expressions at 
the level of quark-gluon degrees of freedom. In calculation, the two-particle and 
three-particle 77 meson light-cone distribution amphtudes have been used [l3l HI] , 
the explicit expressions are given in the appendix. The parameters in the light-cone 
distribution amplitudes are scale dependent and are calculated with the QCD sum 
rules [m 115. In this article, the energy scale /i is chosen to be /z = IGeV, one 
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can choose another typical energy scale jjL = — ^ 2.4GeV. The light-cone 

distribution amplitudes are calculated at the energy scale /x = IGeV with the QCD 
sum rules, evolution of the coefficients to larger energy scales with the (complex) re- 
normalization group equation which concerns approximations in one or other ways, 
additional uncertainties are introduced. The physical quantities would not depend 
on the special energy scale we choose, we expect that scale dependence of the input 
parameters is canceled out approximately with each other, the values of the strong 
coupling constants which are calculated at the energy scale /i = IGeV can make 
robust predictions. Furthermore, in the heavy quark limit, the bound energy of the 
strange-bottomed (0''', 1^) mesons is about A = — nib ^ IGeV, which 

can serve as a typical energy scale and validate our choice. 

After straightforward calculations, we obtain the final expressions of the double 
Borel transformed correlation functions 11^ and Ilg at the level of quark-gluon de- 
grees of freedom. The masses of the strange-bottomed mesons are Mb^^ = 5.72GeV, 
Mb^o = 5.70GeV, Mb* = 5.412GeV and Mb, = 5.366GeV, 



Ml Ml 



Ml, + M% Ml^ + Ml 



0.53, (10) 



there exists an overlapping working window for the two Borel parameters M^ and 
M|, it's convenient to take the value Mf = M|. We introduce the threshold param- 
eter So (denotes s| and s^) and make the simple replacement. 



'"ft+"0(l-"())"^;) "'6+'"0(l-"0)'"^ SQ 
aJ^ »■ P a75 p ]\'l2 



to subtract the contributions from the high resonances and continuum states [15], 
finally we obtain the sum rules for the strong coupling constants gBsoB^ri and gBsiB*rf 
respectivel}|§. 



^For example, we use the notation + A±){1 — a — (3,a, P) to represent (1 — a — /3, a, /3) + 
A±{1 — a — /3,a, (3). Other expressions can be understood in the same way. 
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Figure 1: The strong coupling constants gs^^E'rii-^) and gBsoBs-ni^) with the param- 
eter M^. 



3 Numerical result and discussion 

The input parameters are taken as rris = (140 ± 10)MeV, nib = (4.7 ± 0.1)GeV, 
A3 = 0.0, ai = 0.0, fsn = (0.40 ± 0.12) x IQ-^GeV^, = -3.0 ± 0.9, 774 = 
0.5 ±0.2, iJi = 0.2 ±0.1, as = 0.20 ±0.06 = 0.145GeV, = 0.548GeV, 

fv = -^/^' fsv = -fJ^n^ = 5-366GeV, Mb* = 5.412GeV [16], Mb^, = 

(5.70±0.11)GeV, Mb,, = (5.72 ± 0.09)GeV, /s,, = = (0.24 ± 0.02)GeV [H], 
/^j = /^^ = (0.19±0.02)GeV [371 El HH] , 4 = (37±l)GeV^ and s\ = (38±l)GeV^ 
|17j . The Borel parameters are chosen as = (5 — 7)GeV^, in this region, the 
values of the strong coupling constants QBsiBi-q and gBsoBsn are rather stable, which 
are shown in Fig.l. 

In the limit of large Borel parameter M^, the strong coupling constants gBsiB%-q 
and QBsoBsti take up the following behaviors respectively. 
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■I B* J Bsi 

It is not unexpected, the contributions from the two-particle twist-3 light-cone dis- 
tribution amplitude fp{u) are greatly enhanced by the large Borel parameter M^, 
(large) uncertainties of the relevant parameters presented in above equations have 
significant impact on the numerical results. The contribution from the two-particle 
twist-3 light-cone distribution amplitude (Paiuo) is zero due to symmetry property. 

Taking into account all the uncertainties of the input parameters, finally we 
obtain the numerical values of the strong coupling constants, which are shown in 
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Fig.l, 



\9BsiB*r,\ 
IdBsoBsTjl 



(17.8±5.8)GeV, 
(20.1±7.2)GeV, 



(15) 



the uncertainties are large, about 30%. Taking into account the small r] — ir^ transi 
tion matrix according to Dashen's theorem [30],t^jr = (tt^IT^It/) =- ^nor1„-^A2 
can obtain the narrow decay widths. 
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which are consistent with the ones obtained from the analysis of the unitarized 
two-meson scattering amplitudes with the heavy-light chiral lagrangian, TBsiB*n = 
10.36KeV and TbsoBs-k = 7.92KeV [l9l [50]. We can search the strange-bottomed 
(O"*", 1"*") mesons Bgo and Bgi in the invariant BsTt^ and 5*7r° mass distributions 
respectively, just like the BaBar and CLEO Collaborations observed the strange- 
charmed (0"*", 1"*") mesons Dgo and Dgi in the invariant DgTT^ and D*ti^ mass distri- 
butions respectively [511 



4 Conclusion 

In this article, we calculate the strong coupling constants QBsoBsv gB^iBiri with 
the light-cone QCD sum rules. Then we take into account the small rj — 'K^ transition 
matrix according to Dashen's theorem, and obtain the small decay widths. We can 
search the strange-bottomed (O"*", l"*") mesons BgQ and B^i in the invariant B^t^^ and 
_B*7r° mass distributions respectively. 
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Appendix 

The light-cone distribution amphtudes of the rj meson are defined by 

"^s Jo 
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where the operator Gap is the dual of the Gap, Gap = ^^aPfj.uG'^'^ and Vai is defined 
as Vai — dasdagdasS{l — as — ag — ag). The light-cone distribution amplitudes are 
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parameterized as 
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here C2 (0; C*! (^) and C2 (0 are Gegenbauer polynomials, r^s = and = ^ 

iaiiii]. 
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